Before initiating a mass zinc fortification program, this study assessed the prevalence of and risk factors for low zinc status among Cameroonian women and children. In a nationally representative survey, we randomly selected 30 clusters in each of 3 strata (North, South, and Yaoundé/Douala) and 10 households per cluster, each with a woman aged 15-49 y and a child aged 12-59 mo (n = 1002 households). Twenty-four-hour dietary recalls (with duplicates in a subset) and anthropometric measurements were conducted, and non-fasting blood was collected to measure plasma zinc concentration (PZC) and markers of inflammation. PZC was adjusted for methodologic factors (time of collection and processing, and presence of inflammation). The prevalence of stunting was 33% (32% South; 46% North; 13% Yaoundé/Douala). Among women, 82% had low adjusted PZC (<50 mg/dL for pregnant women; <66 mg/dL for others; 79% South, 89% North, 76% Yaoundé/ Douala). Among children, 83% had low adjusted PZC (<65 mg/dL; 80% South, 92% North, 74% Yaoundé/Douala). Risk factors for low PZC among women and children and for low height-for-age Z-score among children were similar and included residence in the North region and rural areas and households with low socioeconomic status. Using estimated average requirement values from the International Zinc Nutrition Consultative Group (IZiNCG), 29 and 41% of women had inadequate zinc intakes, assuming moderate and low bioavailability, respectively, but only 8% of children had inadequate zinc intake. Depending on the estimated physiologic zinc requirement applied, 17% (IZiNCG) and 92% (Institute of Medicine) of women had inadequate absorbable zinc intakes. Total zinc intakes were greatest in the North region, possibly because of different dietary patterns in this area. Zinc deficiency is a public health problem among women and children in Cameroon, although PZC and dietary zinc yield different estimates of the prevalence of deficiency. Large-scale programs to improve zinc nutrition, including food fortification, are needed.
Introduction
Zinc deficiency increases the risk of diarrhea and respiratory tract infections, restricts childrenÕs growth, and adversely affects pregnancy outcomes (1, 2) . Studies show that zinc deficiency is responsible for ;4% of child deaths and disability-adjusted life years worldwide (3) , with countries in sub-Saharan Africa and South and Southeast Asia having the greatest risk of deficiency (4) . Public health programs to control zinc deficiency require information on the prevalence and risk factors for this condition, and expert groups have suggested that serum or plasma zinc concentration (PZC) 8 and dietary intake of absorbable zinc are the best indicators of a populationÕs risk of zinc deficiency (5-7). However, very few presumably high-risk countries have collected representative data on PZC, zinc intake, and factors associated with an elevated risk of zinc deficiency. Moreover, few studies have examined the concordance of these biochemical and dietary indicators of risk of deficiency.
Cameroon has been identified previously as a country with a high risk of zinc deficiency, based on the prevalence of stunting among preschool children and the amount of absorbable zinc in the national food supply (8) . According to the most recent national survey, the prevalence of stunting among children aged <5 y is 32.5% (9) . According to FAO Food Balance Sheets (10) , the amount of zinc in the national food supply (2003) (2004) (2005) (2006) (2007) ) is 8.0 mg per capita per day, the phytate/zinc ratio for the food supply is ;25, and only ;6% of food energy is provided by animal source foods. These findings suggest that the food supply may contain insufficient absorbable zinc to satisfy the populationÕs zinc requirements (4) . However, nationally representative data on the distribution of PZC and dietary zinc intake have not been reported previously, so the true risk of zinc deficiency remains uncertain.
Before the initiation of a national food fortification program in Cameroon, we obtained baseline data on the micronutrient status of women and young children from 3 ecologically distinct zones. The main rationale for the survey was to enable future evaluation of the influence of the fortification program. However, because representative population-level data on the risk of zinc deficiency have been reported from so few countries, the results are also useful to assess concordance between PZC and dietary zinc intake and to identify risk factors for low PZC and inadequate zinc intake.
Methods
Study design. The study was designed as a nationally representative, multistage (cluster) sample survey of women of reproductive age (15-49 y) and preschool children (12-59 mo), as described previously in detail (11, 12) . The population was divided into 3 strata, representing the 3 northernmost (generally arid and semi-arid) regions, the remaining 7 southern regions (representing the humid tropical zone), and the 2 major metropolitan areas of Douala and Yaoundé. Thirty clusters (villages or neighborhoods within cities) were selected in each stratum, according to the probability-proportional-to-population-size method, using 2005 census data from the Cameroon Central Office of Census and Population Studies. Approximately 10 households were selected in each cluster, using a random start point and systematic selection of adjacent households. Information was collected on household socioeconomic status (SES) and demographic characteristics and anthropometric, dietary, and biochemical markers of nutritional status of the women and children.
Informed oral consent was obtained from the index woman (the childÕs primary female caretaker), with permission from the head of household. The study was approved by the Cameroon National Ethics Committee and the Institutional Review Board of the University of California, Davis (Davis, CA).
Anthropometry. The weight of each index caregiver and child was measured to the nearest 0.1 kg by a battery-powered electronic scale (Seca 899; Seca Medical Scales and Measuring Systems), which was validated with certified calibration weights daily. For children aged <2 y, length was measured in duplicate to the nearest 0.1 cm using a portable length board (Seca 416, Infantometer; Seca Medical Scales and Measuring Systems). The standing height of caregivers and children $2 y was measured in duplicate to the nearest 0.1 cm using a portable stadiometer (Seca Leicester Portable Height Measure; Seca Medical Scales and Measuring Systems). If the 2 measurements were >0.5 cm apart, a 3rd measurement was taken, and the 2 closest measurements were recorded. Anthropometric Z-scores for children were calculated according to the WHO standard (13) .
Dietary recall data. Trained interviewers conducted 24-h dietary recalls, using the method described by Gibson and Ferguson (14) that was developed specifically for use in low-income African populations with low literacy rates. Two days before the dietary interview, participants were provided with a chart containing pictures of local foods and were asked to place a check mark next to foods that they consumed on the day before the scheduled dietary assessment. The chart was then used as a memory aid during the dietary interview on the following day. On the interview day, the participants were asked to report all foods eaten on the previous day, using a multiple pass method, which elicited increasingly detailed information on food intake with each pass. Information on all recipes prepared by the index woman was also recorded, including amounts of ingredients, cooking methods, and total recipe yield. The amounts of foods and recipe ingredients were estimated with an electronic scale or with the respondentÕs household utensils when possible; interviewers were also equipped with graduated cylinders, precalibrated bowls and cups, and various other household utensils to assist with estimating the amount of each food consumed, as well as the total amount of a recipe prepared. Individual consumption of a recipe was then calculated as the total food or nutrient content of the recipe multiplied by the proportion of the final yield that was consumed by the respondent. In 1 randomly selected household per cluster, this process was completed a second time on a different, nonconsecutive day to obtain duplicate recalls for a 10% subset of participants. Generally, the duplicate recall was conducted by the recruitment team 2 d before the primary data collection activities (dietary assessment and biologic measurements) took place.
Blood collection and processing. Trained phlebotomists collected 5-7 mL of mainly non-fasting blood from an antecubital or metacarpal vein into certified trace-element-free tubes containing lithium heparin as an anticoagulant (Sarstedt). Blood collection and processing techniques adhered to the recommendations developed by the International Zinc Nutrition Consultative Group (IZiNCG) for analysis of PZC (8) . Because of the nature of the survey, the time of day of collection and time elapsed since the previous meal could not be standardized, but relevant information was recorded.
After collection, whole-blood samples were placed immediately into insulated coolers containing cold packs. Within ;2 h of collection, the specimens were centrifuged for 10 min at 2500 3 g to separate plasma in the field (Hermle Z206A Centrifuge; Hermle LaborTechnik). For children, mean time to centrifugation was 30 min (median: 24 min; range: 1-150 min), and 91% of samples were centrifuged within 1 h. For women, mean time to centrifugation was 37 min (median: 30 min; range: 1-150 min), and 88% of samples were centrifuged within 1 h. Plasma was aliquoted into externally threaded sterile polypropylene cryovials, using an adjustable pipette with sterile, zinc-free polypropylene tips. Samples for PZC analysis were frozen on the day of collection and were stored at less than 220°C until shipment on dry ice for elemental analysis at the ChildrenÕs Hospital Oakland Research Institute (Oakland, CA).
Laboratory analyses. Plasma samples (;100 mL) were digested for 12-18 h at 60°C in OmniTrace 70% HNO 3 (EMD; VWR Scientific), followed by dilution to a final concentration of 5% HNO 3 , and centrifuged at 3000 3 g for 10 min before analysis. The acid lysates were then measured for zinc content by inductively coupled plasma optical emission spectrometry (Visa Pro; Agilent) (15) . Zinc values were calibrated using National Institute of Standards and Technology traceable standards and recorded at the 213.857 wavelength. Instrument validation for each batch of samples was performed with the following reference materials, which were prepared in an identical manner as the clinical specimens: Seronorm Trace Elements Serum L-1 and L-2 (Accurate Chemical and Scientific Corporation) and an in-house-generated pooled mix of normal human plasma and bovine serum controls. Zinc concentrations of daily Seronorm measures were found to be within the acceptable ranges according to the specifications of the manufacturers. Pooled plasma values were measured at increments throughout each sample run. For the plasma pool, the between-run CV was 2.1% and the within-run CV was 5.1%; for the Seronorm samples, the between-run CV was 4.5% and the within-run CV was 5.0%. Samples from a total of 105 women and children were analyzed in duplicate (mean CV: 7.4%; median CV: 2.4%). Samples were reanalyzed if any of the following were present: PZC greater than or less than the limit of detection, PZC < 30 mg/dL, PZC > means 6 3 SDs, or CV > 10% (for samples analyzed in duplicate).
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Plasma C-reactive protein (CRP) and a-1-acid glycoprotein (AGP) concentrations were measured by a combined sandwich ELISA method (16) ; interassay CVs were 6.5% for CRP and 3.5% for AGP.
Data analyses. Data were analyzed with SAS version 9.3 (SAS Institute), using the SAS survey procedures and survey weights to obtain appropriate estimates of SEs for the stratified cluster design. Descriptive statistics were calculated for all variables. Adherence to a normal distribution was assessed using the Shapiro-Wilkes W test and visual examination of histograms, and, when necessary, variables were transformed to achieve normality (W > 0.97). We excluded 3 women with PZC > 124 mg/dL and 1 child with PZC > 120 mg/dL because of potential sample contamination, defined as PZC greater than means 6 3 SDs of the respective NHANES reference populations (8) .
Bivariate relations between unadjusted PZC and methodologic factors, including time of sample collection, time elapsed until centrifugation, and time of previous meal, were assessed using Spearman correlations. PZC was adjusted for inflammation and methodologic factors using multivariate linear regression analysis. PZC was adjusted to the following values: CRP = 3.75 mg/L, AGP = 0.75 g/L, sample collection at 1000, 20 min from collection to centrifugation, and 4 h between blood collection and the previous meal.
Mean PZC and prevalence of low PZC among risk groups were calculated by domain analysis with SAS PROC SURVEYMEANS. Comparisons of PZC and prevalence of low PZC among risk groups were conducted using linear and logistic regression, respectively (SAS PROC SURVEYREG and PROC SURVEYLOGISTIC) with post hoc Tukey's adjustments. We used multivariate regression analysis to examine independent associations between potential risk factors and PZC and height-for-age Z-score (HAZ) (SAS PROC SURVEYREG). We did not conduct multivariate analyses using the dietary intake data because the data are not representative of usual intakes at the individual level. Statistical significance was set at P < 0.05. Values in the text are means (95% CIs) unless otherwise specified.
For unadjusted PZC among women, the cutoffs used to indicate low PZC were 50 mg/dL for pregnant women, 59 mg/dL for afternoon samples, 70 mg/dL for morning fasted samples ($8 h fast), and 66 mg/dL for morning, non-fasted samples (8) . For children, cutoffs for unadjusted PZC were 57 mg/dL for afternoon samples and 65 mg/dL for morning samples. For adjusted PZC among women, the cutoffs were 50 mg/dL for pregnant women and 66 mg/dL for all other women (assuming morning, non-fasted samples). For adjusted PZC among children, the cutoff used was 65 mg/dL, assuming morning, non-fasted samples.
The quantities of foods and recipe ingredients consumed were converted into weight equivalents using conversion factors from the USDA (17) , as well as data collected in the field. Nutrient intakes were estimated using food composition values from the Nutrient Data System for Research 2010 (developed by the Nutrition Coordinating Center, University of Minnesota, Minneapolis, MN) (18), supplemented with values from the HarvestPlus food composition table for Uganda (19) , the USDA (17), the International Minilist (20) , and other literature (21-23). With the exception of wheat, which is not grown in Cameroon, all grain flours were assumed to be unrefined. When necessary, we applied nutrient retention factors to account for the effects of cooking methods on moisture and nutrient contents (17) . We applied an additional adjustment to the phytate content of grains that were prepared as thick or thin porridges, which are usually fermented, to account for probable losses of phytate during fermentation. Phytate retention was assumed to be 11% for tubers (mainly cassava) prepared as garri (24, 25) , 15% for wheat porridge (uncommon) (26), 20% for rice porridge (24) , 30% for tubers prepared as fufu (a thick porridge) (24, 25) , 40% for maize flour (24, 27, 28) , and 50% for sorghum and millet (24, 27, 29) . For recipes prepared outside the household, we constructed ''average recipes'' using recipe information provided by other respondents in the same region. Among women, the amount of dietary zinc likely to be absorbed (''absorbable zinc'') was estimated from total dietary zinc and phytate intakes according to Miller et al. (30) , using updated model parameters (31) . Because the model was developed using data from adults, we did not apply the model to calculate absorbable zinc intakes for children.
Originally, 984 person-days of data were available from 912 women (duplicate recalls conducted for 72 women), and 949 person-days of data were available from 883 children (duplicate recalls in 66 children). We excluded 10 women and 12 children with energy intakes greater than the group-specific means 6 3 SDs (>6177 kcal/d for women and >3817 kcal/d for children) from analysis attributable to improbable energy intake.
Usual intake distributions for energy, zinc, and phytate were estimated using the National Cancer Institute method (32, 33) . To obtain appropriate estimates of SEs for the study design, we used a balanced, repeated replication technique (34) .
Intakes were assessed separately for breastfeeding and non-breastfeeding children. Because we did not collect information on the frequency or amount of breast milk intake, we did not assess dietary adequacy among breastfed children (n = 108). For women, we defined dietary zinc inadequacy as the proportion of women with usual total zinc intake <6 or 7 mg/d [the IZiNCG estimated average requirement (EAR) for nonpregnant, nonlactating women aged >19 y, assuming moderate (phytate/zinc molar ratio of 4-18) and low (phytate/zinc ratio of >18) bioavailability, respectively] (8). For children, we defined dietary inadequacy as the proportion of non-breastfeeding children with usual total zinc intake <2 mg/d (the IZiNCG EAR for children aged 1-3 y, assuming either moderate or low bioavailability) (8) . For women, we did not examine adequacy in relation to Institute of Medicine (IOM) recommendations for total dietary zinc, because these recommendations assume greater zinc bioavailability than is likely in this population. However, because of the greater uncertainty regarding dietary zinc requirements for children (35, 36) , we also examined childrenÕs zinc intake in relation to the IOM EAR (2.5 mg/d for children aged 1-3 y) (37) . For absorbable zinc intake among women, we defined the percentage of the population with inadequate intake as the proportion of women with usual intake below the physiologic zinc requirement, which was 1.86 mg/d according to IZiNCG (8) and 3.30 mg/d according to IOM (37), for nonpregnant, nonlactating women aged >19 y. As noted above, we did not examine absorbed zinc intake in relation to physiologic zinc requirements among children because the model to predict zinc absorption is based on data from adults and is therefore not appropriate for children.
Results
A total of 1002 households were included in the survey (12) . Of these, 817 children aged 12-59 mo and 856 women aged 15-49 y provided information on PZC, and 882 children and 912 women contributed dietary intake data. On average, women were aged 27.1 y (95% CI: 26.5, 27.7). Breastfeeding children (;12%) were aged 16.1 mo (95% CI: 15.1, 17.2; range: 12-29 mo), and non-breastfeeding children were aged 35.4 mo (95% CI: 34.6, 36.2; range: 12-59 mo); 50.2% of children were male. Among index women, 10% were pregnant and 25% were lactating. The prevalence of stunting among children (33%) is consistent with 2011 estimates (9) and suggests a high risk of zinc deficiency at the national level (8) , although the regional prevalence ranged from 13% in Yaoundé and Douala to 44% in the North region ( Table 1) . Additional characteristics of this population have been reported previously (12, 38) .
PZC and prevalence of low PZC. In bivariate analyses, PZC was positively associated with time from blood collection to centrifugation (r s = 0.11, P = 0.002) and negatively associated with time of day of blood collection (r s = 20.12, P = 0.0004), time since previous meal (r s = 20.12, P = 0.0008), and plasma CRP (r s = 20.23, P < 0.0001) among women. Among children, PZC was negatively associated with time since previous meal (r s = 20.14, P < 0.0001), plasma CRP (r s = 20.24, P < 0.0001), and plasma AGP (r s = 20.26, P < 0.0001). In multivariate regression analyses, PZC was negatively related to plasma CRP concentration and time of day of blood collection among women, and plasma AGP concentration and time elapsed between blood collection and the previous meal among children ( Table 2) .
Using the regression equation in Table 2 , we adjusted PZC for methodologic variables as described in Methods. Adjusted PZC values were slightly higher than unadjusted PZC values ( Table 3) . However, among both women and children, PZC values were low in relation to the NHANES reference population, regardless of whether PZC values were adjusted for methodologic variables and inflammation ( Fig. 1; Table 3 ). The prevalence of low PZC was >70% in all regions, for both women and children.
Dietary intake of zinc and absorbable zinc. Mean reported dietary intakes of energy, zinc, phytate, and absorbable zinc are presented in Table 4 , with and without adjustment for possible effects of fermentation. Mean phytate/zinc molar ratios among women and children were ;10-13, depending on the region and whether women or children are considered. (;12-13 South, ;12 North, and ;10-11 Yaoundé/Douala). Without applying reductions to porridge phytate content for estimated effects of fermentation, mean phyate/zinc molar ratios were ;17-21 (;17-19 South, ;20-21 North, and ;12-14 Yaoundé/Douala).
Among women, the prevalence of inadequate zinc intakes was much lower in the North region (4-6%) compared with the South or Yaoundé/Douala (40-59%), regardless of whether moderate or low bioavailability was assumed (Table 4) . Nationally, the prevalence of low absorbable zinc intakes varied from 17 to 92%, depending on which physiologic zinc requirement was applied (i.e., IZiNCG or IOM), but the prevalence was lower in the North for both estimates of physiologic requirements. The prevalence of low absorbable zinc intakes was greater if reductions in phytate content attributable to fermentation were not applied, although the effect of assumed reductions in phytate content varied by region. Among children, the prevalence of inadequate total zinc intake was low in all regions.
Grains (mainly maize, wheat, and rice, as well as sorghum and millet) were the most important source of dietary zinc; the proportion of total dietary zinc contributed from grains ranged from 30% in the South and 35% in Yaoundé/Douala to 44% in the North (Supplemental Table 1 ). Other important sources of zinc were meats (16% South, 28% North, and 17% Yaoundé/ Douala), beans and legumes (19% South, 17% North, and 18% Yaoundé/Douala), roots and tubers (18% South, 3% North, and 10% Yaoundé/Douala), and fish (8% South, 2% North, and 10% Yaoundé/Douala).
Risk factors for low PZC and HAZ. In bivariate analyses, PZC was lower among pregnant women and lactating women, women in rural areas, women in lower SES groups, women with no formal schooling, and women with low BMI (Supplemental Table 2 ). In multivariate models, independent risk factors for low PZC among women were low SES, pregnancy and lactation, and residence in the North region ( Table 5 ). In analyses stratified by region, several of these risk factors were no longer significant, but the direction of the significant relations was consistent with the national-level analysis. Values are means (95% CIs) or n (%), n = 872 women (South, n = 302; North, n = 297; Yaoundé/Douala, n = 273) and n = 785-838 children, depending on the variable (South, n = 276-293; North, n = 269-291; Yaoundé/Douala, n = 240-255). Means and proportions were compared among regions by linear and logistic regression, respectively (SAS PROC SURVEYREG and PROC SURVEYLOGISTIC). Labeled means without a common letter differ, P , 0.05. HAZ, height-for-age Z-score. 2 Inflammation defined as C-reactive protein . 5 mg/L and/or a-1-acid glycoprotein . 1g/L. 3 Stunted defined as HAZ , 22 SD. Among children, risk factors for low PZC included residence in rural areas and the North region, stunting, low SES, low weight-for-height Z-score (WHZ), and low maternal education (Supplemental Table 3 ). Independent risk factors for low PZC among children were greater age, residence in the North region, and lower SES (Table 5 ). PZC was related to both child age and breastfeeding status in the North, but no other relations were significant in stratified analyses.
Stunting was more frequent among male children, children in rural areas and in the North, children with low WHZ, and children in households with low SES and low maternal education (Supplemental Table 4 ). In multivariate regression models, independent risk factors for low HAZ included lower WHZ and living in the South or North regions (compared with Yaoundé and Douala), although risk factors were slightly different within regions (Table  6 ). Nationally, PZC was positively associated with HAZ, even after controlling for child age (R 2 = 0.02, P = 0.008), but this relation was not significant within regions (P > 0.4).
Discussion
We report for the first time, to our knowledge, the risk of zinc deficiency in Cameroon, nationally and regionally, as measured by 3 indicators of zinc status: stunting among children aged 12-59 mo and PZC and dietary zinc intake among women of reproductive age and young children. These results suggest a high risk of zinc deficiency throughout the country, and therefore a need for interventions to improve zinc status and thereby reduce the likely influence of zinc deficiency on morbidity and mortality in this setting.
The risk of inadequate zinc intake, as measured by womenÕs reported intake of absorbable zinc, varied depending on the estimated physiologic zinc requirement applied. Adoption of an intermediate value for the physiologic requirement, as is being considered (35, 36) , would result in a prevalence of inadequate absorbable zinc intakes among women that is greater than the 20% cutoff suggested to indicate a public health problem (8) , supporting the conclusion that zinc deficiency is common in Cameroon.
Among children, the apparent prevalence of inadequate zinc intake was low, even assuming moderate to low bioavailability. However, zinc requirements for children are also being reconsidered (36) , and it is not clear how much dietary zinc is actually absorbed and retained in this setting, which is characterized by high dietary phytate and frequent infections (39) . PZC and stunting prevalence provide strong evidence that zinc deficiency is prevalent, even in the presence of apparently adequate total dietary zinc. In general, risk factors were similar for low PZC among women and children and low HAZ among children, although there was some variation in the independent risk factors identified by the national and regional multivariate analyses. Common risk factors for low PZC and HAZ included living in the North region and in rural areas, low household SES and maternal education, and low anthropometric values (child WHZ and maternal BMI). PZC appeared to be negatively related to dietary zinc intake, but this was explained by greater reported zinc intakes in the North region compared with the South and Yaoundé/Douala.
The regional patterns of zinc intake are inconsistent with the other indicators of nutritional status. In particular, women and children in the North had greater reported zinc intakes than those in other regions, but they were more likely to have low PZC, stunting, anemia, and other micronutrient deficiencies (12) . Potential explanations for this discrepancy include erroneous reporting of dietary intake, differing food sources of zinc among regions and possible inaccuracies in the food composition data, assumptions regarding phytate loss in food processing, and, as mentioned previously, uncertainty regarding physiologic zinc requirements.
Collection of dietary data by recall is subject to many sources of error in both data collection and processing. We implemented numerous precautions to minimize this error, including ''training'' participants before the interview, using a list of pictures of local foods as a memory aid, estimating portion sizes with electronic scales and with the mothersÕ utensils when possible, and examining multiple sources of food composition data. Nevertheless, it is still possible that the amounts of staple foods and meats (which contributed most dietary zinc) were incorrectly estimated, particularly in the North, where the majority of women had no formal schooling.
Different teams collected data in the South and North regions; however, both teams collected data in Yaoundé and Douala, and energy and nutrient intakes among participants in Yaoundé and Douala did not differ by data collection team. Thus, the regional differences in zinc intake do not appear to be related to differences among interviewers. Values are means 6 SEs or percentages 6 SEs, n = 902 women (South, n = 304; North, n = 301; Yaoundé/Douala, n = 297), 108 breastfeeding children (South, n = 25; North, n = 72; Yaoundé/Douala, n = 11), and 677 non-breastfeeding children (South, n = 251; North, n = 197; Yaoundé/ Douala, n = 229), after excluding individuals with energy intake . means 6 3 SDs (10 women, 12 children). Usual intake was estimated by the National Cancer Institute method (32), using balanced, repeated replication to estimate SEs. Prevalence of dietary inadequacy was calculated in relation to estimated average requirement values defined by IZiNCG (8) and IOM (37), as described in Methods. In all regions, the proportion of individuals with intakes above the IZiNCG upper intake levels for total dietary zinc for women (40 mg/d) or children (8 mg/d) was 0. IZiNCG, International Zinc Investigators Consultative Group; IOM, Institute of Medicine. 2 Absorbable zinc intakes were calculated according to Miller et al. (30) . 3 Values were calculated without applying adjustments to the phytate content of grain-based porridges for assumed degradation of phytate during fermentation. 4 Data from breastfeeding children exclude intake from breast milk.
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In general, total reported energy intakes were within an expected range. Energy intake was greater among women in the North region, and intakes for children were slightly higher than expected assuming a moderate level of physical activity, but these observations are difficult to interpret in the absence of data on physical activity. In addition, we observed positive relations between dietary intake and nutrient biomarkers for both vitamin A (40) and vitamin B-12 (41) .
Dietary sources of zinc differed by region. Specifically, participants in the North consumed both porridges and meats more frequently than participants in other regions, and the individual portion sizes for thin porridges (but not thick porridges or meats) were greater in the North compared with the other regions. In the South and Yaoundé/Douala, porridges mainly consisted of maize or cassava, but in the North, porridges were also made with millet and sorghum, which have higher contents of both zinc and phytate. Thus, greater intake of porridges and meat and consumption of grains with higher zinc content may explain the greater total zinc intakes in the North. It is also possible that actual nutrient content of local foods differed from published values as a result of regional variations in cultivars and/or soil mineral content.
We assumed that all porridges had been fermented to some extent, and, for each type of staple food, we applied a single estimate of the decrease in phytate attributable to fermentation to all porridges. However, we did not have information on individual household processing techniques, so the actual phytate content of the foods as consumed may differ from these estimates. Estimated phytate degradation had a greater effect in the North region because of greater contribution of grains to total dietary zinc in this region. Therefore, our assumptions regarding phytate losses may explain some of the difference in absorbable zinc intakes among regions. 2 National average: n = 687, R 2 = 0.160. Maternal BMI was removed at P = 0.08; rural/urban residence was removed at P = 0.059. South: n = 263, R 2 = 0.050. SES quintile was removed at P ¼ 0.055. North: n = 246, R 2 = 0.138. Yaoundé/Douala: n = 177, R 2 = 0.045. Variables that were removed from all models included maternal education and maternal age. 3 National average: n = 510, R 2 = 0.13 with all excluded variables in class statement. Child stunting was removed at P = 0.10 (presence of stunting negatively related to PZC). South:
None of the examined variables were significantly related to adjusted PZC. The variable representing child age and breastfeeding status was removed at P = 0.052 (younger nonbreastfeeding children, but not breastfeeding children, had higher PZC than older, non-breastfeeding children). North: n = 181, R 2 = 0.09. Child weight-for-height tertile (positive relation with PZC) and maternal education (positive relation with PZC) were both removed at P = 0.10. Yaoundé/Douala: None of the examined variables were significantly related to adjusted PZC. Variables that were removed from all models included child sex, urban or rural location, maternal education, child stunting, presence of elevated acute-phase proteins, and weightfor-height tertile.
In addition to error in data collection using 24-h recalls, it is also possible that zinc requirements in this setting (in particular, given the high burden of infectious disease) (39, 42) are greater than indicated by currently estimated values. Based on these uncertainties in the dietary data and the consistency of results for PZC and HAZ with regard to both risk of zinc deficiency and specific risk factors for deficiency, we tend to place more confidence in PZC and HAZ than the dietary data with regard to conclusions about population zinc status.
Few data on risk of zinc deficiency are available from national or large-scale surveys in low-and middle-income countries, in part because of the technical and financial resources required to collect and analyze data on PZC and dietary zinc intake. In addition to Cameroon, several other low-and middle-income countries (including Mexico, Pakistan, Ethiopia, and South Africa) have now collected nationally representative data on PZC and/or dietary zinc intake (43) (44) (45) (46) . These data are critical to assess the need for zinc intervention programs and to monitor changes in population zinc status.
Despite the difficult field conditions and associated potential for sample contamination with endogenous (red cells) and exogenous (dust) zinc, we excluded only 4 samples (<0.5%) with concentrations that were suggestive of possible zinc contamination. Thus, with appropriate precautions for sample collection and processing methods, it was feasible to obtain adequate samples for PZC measurement in a large survey. Recommendations for collection, processing, and analysis of PZC samples have been reviewed in detail previously (8) , and practical tips for implementing these procedures are also available (47) .
There are currently no recommendations regarding statistical adjustment of PZC values for methodologic variables and inflammation. The multivariate regression analysis used here permits adjustment of PZC when methodologic factors cannot be completely standardized through data collection procedures. We chose to control for time from collection to centrifugation because this has been shown to affect PZC and was associated with PZC in bivariate analysis; however, this variable was no longer significant in multivariate analyses, possibly because of the stringent sample collection procedures (i.e., minimizing time from collection to centrifugation and keeping samples cool before centrifugation).
Assessment of dietary zinc intake is critical for a number of applications, including assessing the prevalence of inadequate intakes and estimating the potential contribution of interventions, such as fortification and agricultural development projects, to increasing zinc intake. A detailed, practical protocol for using 24-h recall interviews to assess iron and zinc intakes has been published (14) . When resources allow, observed, weighed food records can be used to avoid some errors inherent in collecting data by recall, including omission of foods and, in particular, incorrect estimation of portion sizes. In populations in which staple foods contribute a large proportion of total zinc intake and fermented porridges are commonly consumed, it is important to obtain individual-or household-level information on food processing methods, such as soaking or fermentation, which affect concentrations of both zinc and phytate. Samples of local foods should also be collected for analysis of zinc and phytate contents when feasible to improve the quality of the food composition database. Additional data are needed on the zinc and phytate contents of indigenous plant foods in diverse regions and on the effects of different processing methods on nutrient composition.
In summary, the results indicate that zinc deficiency is a public health problem among women and young children in Cameroon. Although we identified groups at highest risk of zinc deficiency, such as women and children in the North region, the risk of zinc deficiency is elevated in all regions. Thus, large-scale efforts to improve zinc nutrition are needed throughout the country. 1 Values are b 6 SE and P for variables that were significant (P , 0.05). Estimates were derived using multivariate linear regression using SAS PROC SURVEYREG, with the dependent variable of HAZ. National average: n = 510, R 2 = 0.08. SES removed at P = 0.059 (positive association with PZC). Child sex was removed at P = 0.052 (lower PZC among male children). South: n = 210, R 2 = 0.03. SES quintile was removed at P = 0.094 (positive association with HAZ). North: None of the examined variables significantly predicted HAZ. Maternal education was removed at P = 0.078 (positive relation with HAZ). Yaoundé/Douala: n = 119, R 2 = 0.06. Variables that were removed from all models were urban or rural location, household SES status, adjusted PZC, and presence of elevated acute-phase proteins. HAZ, height-forage Z-score; PZC, plasma zinc concentration; ref, reference; SES, socioeconomic status; WHZ, weight-for-height Z-score.
